In many extensions of the standard model, new physics is possible to contribute significantly to B 0 s -B 0 s mixing. We show that the effect of new physics, both its phase information and its magnitude, can be isolated from measurements of CP asymmetries in the semileptonic B s transitions and in some nonleptonic B s decays into hadronic CP eigenstates. We also find that the rates of CP -forbidden decays at the Υ(5S) resonance are not suppressed by the large B s mass difference, thus they can be used to extract the CP -violating phase of new physics in either B 0 s -B 0 s or K 0 -K 0 mixing. * Electronic address: xing@eken.phys.nagoya-u.ac.jp
Introduction
Recently some experimental efforts have been made to measure the B 0 s -B 0 s mixing parameter x s (corresponding to the mass difference between two B s mass eigenstates), which is anticipated to be very large in the standard model (SM) [1] . This stimulates some theoretical or phenomenological interest for a more delicate study of the problem of B 0 s -B 0 s mixing and CP violation (see, e.g., Refs. [2, 3, 4] ). In particular, the other B 0 s -B 0 s mixing parameter y s (corresponding to the width difference between two B s mass eigenstates) is predicted to be about 0.1 within the SM, a value making the measurement of untagged B s data samples meaningful in the future experiments [2, 5] .
s mixing system is a good place for the exploration of new physics (NP) beyond the SM [6] . For instance, observation of a sufficiently small x s , an asymmetry between the semileptonic B In most extensitions of the SM, NP is expected to contribute only to the mass difference of B s mesons [7] . Any NP does not significantly affect the direct decays of B s mesons via the tree-level W -mediated channles, thus the total decay width Γ remains to amount to its SM value as a good approximation. However, the effect of NP can appear in both x s and y s , and it may also give rise to a significant CP -violating phase, which is primarily vanishing in the SM. Consequently it is possible to isolate NP in B Up to now, the possibility to extract the phase of NP from CP asymmetries in some B s decays has been considered (see, e.g., Refs. [5, 8] ). In contrast, little attention has been paid to determining the magnitude of NP in B 0 s -B 0 s mixing, a crucial quantity for one to get at the specific non-standard electroweak model. In this work we shall discuss a few instructive approaches towards the isolation of NP in B 0 s -B 0 s mixing, both its phase information and its magnitude.
The remaining parts of this paper are organized as follows: in section 2 we describe a parametrization of NP in different B 
where p and q are complex mixing parameters. In terms of off-diagonal elements of the 2 × 2 B 0 s -B 0 s mixing Hamiltonian M − iΓ/2, we express the ratio q/p as
The mass and width differences of B 1 and B 2 are defined by ∆m ≡ |m 1 − m 2 | and ∆Γ ≡ |Γ 1 − Γ 2 |, respectively. Furthermore, we define m ≡ (m 1 + m 2 )/2 and Γ ≡ (Γ 1 + Γ 2 )/2. It is also convenient to use the following dimensionless parameters to describe B 0 s -B 0 s mixing:
The present experimental lower bound for x s is x s ≥ 15 [1] , implying ∆m ≫ ∆Γ or |M 12 | ≫ |Γ 12 | holds. Consequently one gets ∆m = 2|M 12 |
to a high degree of accuracy. Then the width difference ∆Γ reads [5] 
where φ m ≡ arg(−M 12 /Γ 12 ). In addition, calculations based on the SM yields y s ≈ 0.08 [3] . This value will always be reduced if B 
The B 0 s -B 0 s mixing observables x s and y s , in the existence of NP, read
and
where x SM s and y SM s are (in principle) calculable from the SM. Finally, the ratio q/p can be expressed as
in the next-to-leading order approximation. Note that φ m is indeed a function of z and θ, as given in Eq. (7). Clearly arg(q/p) = −2φ m is a good approximation when we discuss CP violation in nonleptonic B s decays. The small correction term in q/p, which is proportional to z sin θ and y 
NP effect in semileptonic B s decays
Now we examine the NP effect on CP violation in semileptonic transitions of B s mesons.
Assuming both the ∆Q = ∆B rule and CP T invariance, one is able to get the time-integrated wrong-sign events of semileptonic B s decays as follows [9, 10] :
where n 0 is a normalization factor proportional to the rate of the right-sign semileptonic B s decay. The CP asymmetry between the above two processes turns out to be
apparently irrelevant to the mixing parameters x s and y s .
Such an asymmetry can also be obtained from the same-sign dilepton events of coherent B 0 sB 0 s decays at the Υ(5S) resonance, whose rates are given by [10, 11] 
in which C (= ±1) is the charge-conjugation parity of the B 0 sB 0 s pair, and n C denotes the normalization factor proportional to the rates of right-sign semileptonic decays of B 0 s andB 0 s mesons. Obviously, we arrive at the same CP asymmetry A SL :
for both C = −1 and C = +1 cases. with updated data can be found in Ref. [12] .
NP effect in nonleptonic B s decays
Let us turn attention to the NP effect on CP asymmetries in some nonleptonic B s decays into CP eigenstates, such as D
s , (ψφ) + (i.e., the CP -even state of ψφ) [4] , ψK S and ψK L . These transitions can be used to extract the CP -violating phase φ m , in most cases, without ambiguities from hadronic matrix elements. They are also favorable in view of the nearest experimental detectability for weak decays of B s mesons at e + e − colliders and (or) hadron machines. Obviously, q/p = e −i2φm should be an excellent approximation.
Due to B 0 s -B 0 s mixing, the time-dependent rates of B s mesons decaying into a CP eigenstate f can be written as [10] 
where n f denotes the normalization factor proportional to | f |H eff |B 0 s | 2 , and λ f stands for a rephasing-invariant quantity defined by
We see that the x s -induced oscillations, anticipated to be rapid in the SM, cancel in the rate of the flavor-untagged data samples:
In contrast, the y s -induced oscillations disappear in the rate asymmetry between the flavortagged data sample:
Therefore, measurements of S(t) and (or) A(t) allow one to determine Reλ f versus (1 + |λ f | 2 ) and (or) Imλ f versus (1 − |λ f | 2 ) in most cases, except the special situation where y s is vanishingly small (e.g., y s ≤ 10 −2 ) due to NP and x s is considerably large (e.g., x s > 50).
and λ ψK L ≈ 1 hold as a good approximation. For these decay modes, the strong or electroweak penguin contributions (dominated by the top quark in the loop) are significantly suppressed in magnitude and do not give rise to additional CP -violating phases. Beyond the SM, the NP appearing in B 0 s -B 0 s mixing is likely to simultaneously manifest itself in the loop-induced penguin amplitudes. Generally we do not expect that the NP-enhanced penguin contributions can be significant enough in those B s transitions mentioned above, and a test of this assumption is possible by detecting the deviation of |λ f | from unity in A(t). Here we assume |λ f | ≈ 1 to hold even in the presence of NP, for s decays at the Υ(5S) resonance will become interesting. The straightforward reason is that the rates of such CP -forbidden transitions are not suppressed by the largeness of x s , as we shall show subsequently. The CP -violating signal may be established directly from the observation of a CP -forbidden decay mode itself other than the decay rate asymmetry, thus neither flavor tagging nor time-dependent measurements are necessary in practical experiments [9] . For a B-meson factory running at the Υ(5S) resonance, one will have a chance to detect the typical CP -forbidden channels like (B 0 sB 0
, where CP parities of the initial and final states are opposite. For simplicity and illustration, we concentrate only on the coherent decays of (B 0 sB 0 s ) C=−1 events later on. The time-independent rate of a (B 0 sB 0 s ) C=−1 pair decaying into the final state (f 1 f 2 ) can be given by [9, 10] 
where n 12 is a normalization factor proportional to the product of R(B 
The results explicitly read
where the phase parameter φ K comes from K 0 -K 0 mixing in the final states of B s → ψK S and ψK L : 
which is a pure function of φ m .
For the purpose of illustration, we assume φ m − φ K = π/6 or π/4 to plot the change of ξ 2K with x s ∈ [1, 30] in Fig. 3 . We find that ξ 2K becomes close to its maximal value only if x s ≥ 10, for a definite input of φ m − φ K . Hence such a CP -violating signal will be of particular experimental interest, provided NP introduces a significant phase into B 
Concluding remarks
We have studied some phenomenological possibilities to isolate the NP effect in B Of course, the experimental feasibility of the above-proposed measurements has to be studied in some detail [12] . In particular, the complication to observe coherent B 0 sB 0 s decays at the Υ(5S) resonance, where coherent B 0 dB 0 d events can also be produced [12, 13] , should be taken seriously. We hope that a systematic search for various CP -violating signals in the B 0 s -B 0 s system will be available in the future experiments of B-meson physics.
